Three strains of a Gram-stain-negative, moderately halophilic bacterium, designated strain KHM44
The genus Aliifodinibius of the family Balneolaceae, belonging to the phylum Bacteroidetes, was first described by Wang et al. [1] . Recently, the phylogeny of the phylum Bacteroidetes was revised by Munoz et al. [2] and the incertae sedis taxa from the genus Balneola and the family Rhodothermaceae were removed from the phylum Bacteroidetes to the novel phylum Rhodothermaeota; the family Balneolaceae, encompassing the four genera Balneola [3] , Gracilimonas [4] , Fodinibius [5] and Aliifodinibius [1] , was separated from the phylum Rhodothermaeota by Hahnke et al. [6] to form the new phylum Balneolaeota on the basis of phenotypic and phylogenomic analysis of members of the phylum Bacteroidetes. At the time of writing, the genus Aliifodinibius comprised three recognized species [7] : Aliifodinibius roseus and Aliifodinibius sediminis [1] and Aliifodinibius halophilus [8] . Members of the genus Aliifodinibius are Gram-stain-negative, rod-shaped, non-sporulating, nonmotile and moderately halophilic bacteria isolated from hypersaline environments such as salt mines or marine solar salterns.
In the course of a study focused on the isolation of halophilic bacteria, two bacterial strains, KHM44
T and KHM29, were isolated from the sediment of crystallizing pond and strain HHM4 was isolated from the sediment of a brine warehouse at a grey saltern (34 34¢ 4.7 † N 126 5¢ 2.0 † E) on Sinui island at Shinan, Korea. The strains were isolated by diluting a sediment sample in sterile 10 % (w/v) NaCl solution and plating on marine agar (MA) medium (Difco) with the addition of 8 % (w/v) NaCl [final concentration, 9.95 % (w/v) NaCl], followed by aerobic incubation at 28 C for 7 days. The pH of the medium was adjusted to pH 7.0 with 1 M NaOH. The strains were subsequently purified three times by plating on MA at 28 C for 7 days and maintained on the same medium. The strains were stored at À80 C in this medium without agar and supplemented with 20 % (v/v) glycerol. In order to characterize the strains phenotypically, the isolates were routinely grown aerobically on MA and in laboratory-made marine broth (MB; Difco) media supplemented with 8 % (w/v) NaCl for 5 days at 37 C and pH 8.0, except where indicated otherwise.
The morphology of the isolates was observed by Gram staining and transmission electron microscopy (CM20; Philips), and motility was observed by phase-contrast microscopy (Eclipse 80i; Nikon) using cells from exponentially growing cultures and the hanging-drop method. The presence of endospores was determined by a specific endosporestaining test, using malachite green (Shaeffer and Fulton endospore stain kit; Sigma). Gram staining was performed by the Burke method [9] . Catalase and oxidase activities, nitrate reduction, hydrolysis of aesculin, casein, DNA, gelatin, Tweens 20, 40, 60 and 80, hypoxanthine, L-tyrosine, starch, xanthine and urea and production of indole were tested as recommended by Smibert and Krieg [10] with 0.01 % (w/v) substrate concentrations. Acid production from carbohydrates was determined as described by Leifson [11] ; all suspension media were supplemented with 10 % (w/v) NaCl. Additional biochemical characteristics were determined using API 50CH (with API 50CHB medium) and API 20NE (bioM erieux) at 37 C as recommended by the manufacturer. All compounds were sterilized by filtration and were added to the media. Cell suspension was performed in 10 % (w/v) NaCl solution. Enzymic activities were tested using the API ZYM kit system according to the instructions of the manufacturer (bioM erieux). To determine the optimal temperature and pH for growth of the strains, broth cultures in laboratory-made MB medium supplemented with 8 % (w/v) NaCl were incubated at 4, 10, 15, 20, 28, 37, 40, 42, 45, 50 and 55 C, and at pH 5-11 (at intervals of 0.5 pH units). pH <6, 6-9 and >9 was obtained by using sodium acetate/acetic acid, Tris/HCl and glycine/ sodium hydroxide buffers, respectively. Growth at different salt concentrations (0, 1, 2, 3, 4, 5, 7, 9, 10, 12, 13, 14, 16, 18, 20, 25 and 30 %, w/v) was tested in MB at pH 8.0. Growth was monitored by turbidity (optical density at 600 nm, OD 600 ) by using a spectroscopic method (model UV-1650PC; Shimadzu). Anaerobic growth was determined by incubation in the BBL GasPak Anaerobic System (Difco) for 5 days at 37 C on MA supplemented with 8 % (w/v) NaCl. 
Strains KHM44
T , KHM29 and HHM4 showed a range of phenotypic properties typical of members of the genus Aliifodinibius [1, 8] . They were Gram-stain-negative, non-sporulating and non-motile bacteria (Fig. S1 , available in the online Supplementary Material). Cells were rods with a width of 0.2-0.4 µm and a length of 0.6-1.0 µm (Fig. S1 ). Colonies were salmon-pink in colour, circular, opaque and convex with regular margins when grown for 5 days at 37 C on MA supplemented with 8 % (w/v) NaCl. Strains KHM44 T , KHM29 and HHM4 were able to grow at C, at pH 6.0-9.0 and with 3-25 % (w/v) NaCl. Optimal growth was observed at 37 C, at pH 8.0 and with 10 % (w/v) NaCl. Growth was not observed under anaerobic conditions. Cells were catalase-positive and oxidase-positive. Other phenotypic features are included in the species description, and the characteristics that differentiate strains KHM44 T , KHM29 and HHM4 from the type strains of species of the genus Aliifodinibius are summarized in Table 1 . Strains KHM44 T , KHM29 and HHM4 were susceptible to teicoplanin, lincomycin, penicillin, vancomycin, erythromycin, oleandomycin, amoxicillin, spiramycin, rifampicin, bacitracin, cycloheximide, roxithromycin, salinomycin, capreomycin, gramicidin S and streptomycin, but resistant to amikacin, neomycin, kanamycin, nalidixic acid, gentamicin, polymyxin B, nystatin, tetracycline, sphingomyelin, apramycin, sisomycin, amphotericin, phosphomycin, chloramphenicol and hygromycin.
Genomic DNA from strains KHM44
T , KHM29 and HHM4 was prepared by using the method described by Tomaoka and Komagata [12] . The 16S rRNA gene was amplified by PCR with the forward primer 27F and the reverse primer 1492R [13] . Direct sequence determination of the PCRamplified DNA was carried out using an automated DNA sequencer (ABI 3730XL; Applied Biosystems). Full sequences of the 16S rRNA genes were compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences were aligned with the published sequences of closely related bacteria by using CLUSTAL W 2.0 software [14] . Gaps at the 5¢ and 3¢ ends of the alignment were omitted in further analyses. Phylogenetic trees were reconstructed by using three different methods: the neighbour-joining [15] , maximumlikelihood [16] and maximum-parsimony [17] algorithms within the MEGA6 program [18] . Evolutionary distance matrices for the neighbour-joining method were calculated using the algorithm of the Kimura's two-parameter model [19] . To evaluate the stability of the phylogenetic tree, a bootstrap analysis (1000 replications) was performed [20] . The 16S rRNA gene sequences used for phylogenetic comparisons were obtained from the GenBank database, and their strain designations and GenBank accession numbers are shown in Fig. 1 .
To determine genomic relatedness, DNA-DNA hybridization (DDH) was performed using the modified method of Ezaki et al. [21] . Probe labelling for DDH was conducted by using the nonradioactive DIG-High prime system (Roche); hybridized DNA was visualized using the DIG luminescent detection kit (Roche), and the level of DNA-DNA relatedness was quantified by using a densitometer (Bio-Rad). Isolation of DNA [22] and determination of the DNA G+C content were performed by HPLC (SPD-10AV; Shimadzu), as described by Mesbah et al. [23] . T . All data were obtained from this study, except where indicated otherwise. All strains are Gram-stain-negative, non-motile and moderately halophilic rods. All strains share the following characteristics: positive for gelatin hydrolysis; negative for starch hydrolysis; positive reaction for alkaline phosphatase, esterase lipase, leucine arylamidase and valine arylamidase; negative reaction for b-glucuronidase. +, Positive; À, negative; ND, no data. The almost-complete 16S rRNA gene sequences (1442, 1439 and 1485 bp) of strains KHM44 T , KHM29 and HHM4 were obtained and used for initial BLAST searches of the GenBank database and for phylogenetic analysis. The 16S rRNA gene sequences of related taxa were obtained from the GenBank database and EzBioCloud server, and the identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved by using the EzBioCloud server (www.ezbiocloud.net/) [24] . On the basis of 16S rRNA gene sequence analysis, strains KHM44 (Fig. 1) T , KHM29 and HHM4 were cultured on MA at 37 C for 5 days and the closely related type strains were cultured under the same
Characteristic
1 2 3 4 5 6 Colony colour Salmon pink Reddish Salmon pink Rose red Salmon pinkGlycerol À À À + À + D-Galactose À À À + À À D-Glucose À À À + + À D-Mannose À À À + À À D-Mannitol À À À À + À D-Sorbitol À À À + À À Maltose À À À + + À Acid production from: D-Xylose + + + À À À D-Glucose À À À + + À D-Mannose À À À + + À L-Sorbose À À À À À + Inositol À À À À + À D-Mannitol + + + À À À Maltose À À À + + À Lactose À À À + + À Sucrose À À À + + À D-Fucose À À À À + À Enzyme activities (API ZYM) Esterase (C4) + + À + À + a-Chymotrypsin + + + À + + N-Acetyl-b-glucosamininase + + + À + À Polar lipids † DPG, PC,
Gracilimonas mengyeensis YIM J14 T (KC561141)
Gracilimonas rosea CL-KR2 T (KC686334)
Gracilimonas tropica CL-CB462 T (EF988655)

Balneola alkaliphila CM41_14b T (EU008564)
Balneola vulgaris 13IX/A01/164 T (AY576749)
HHM4 (LC191300)
Aliifodinibius salicampi KHM44 T (LC198077)
Aliifodinibius salicampi KHM29 (LC198069)
Aliifodinibius roseus YIM D15 T (JQ923475)
Aliifodinibius sediminis YIM J21 T (JQ923476)
Aliifodinibius halophilus 2W32 T (KR559733)
Fodinibius salinus YIM D17 T (HM153810)
Soortia roseihalophila Bsw-2b T (KU695464)
Pontibacter actiniarum KMM 6156 T (AY989908)
Adhaeribacter aquaticus MBRG1.5 T (AJ626894)
Salinibacter luteus DGO T (HQ197983)
Salinibacter iranicus CB7 T (HQ197982)
Salinibacter ruber DSM 13855 T (CP000159)
Salisaeta longa S4-4 T (EU426570)
Rubrivirga marina SAORIC-28 T (JQ906088) T , KHM29, HHM4 and related bacteria in the genus Aliifodinibius and some other related taxa. Bootstrap values, expressed as percentages of 1000 replications, are given at branching points when >50 %. Filled circles, an open circle and open squares at nodes indicate generic branches that were also recovered by using both maximum-likelihood and maximum-parsimony algorithms, the maximumlikelihood algorithm, and the maximum-parsimony algorithm, respectively. Saccharomonospora saliphila YIM 90502 T was used as an outgroup. Bar, 0.02 substitutions per nucleotide position.
Rubricoccus marinus SG-29 T (AB545808)
Rhodothermus marinus DSM 4252 T (CP001807)
Rhodothermus obamensis OKD7 T (X95071)
Rhodothermus profundi PRI 2902 T (FJ624399)
Syntrophus aciditrophicus SB T (CP000252)
conditions. Cellular fatty acids were extracted and analysed by gas chromatography (6890N; Agilent Technologies) according to the standard protocol of the Sherlock Microbial Identification System (version 4.5; database TSBA40 4.10; MIDI). For the analysis of quinones and polar lipids, cells were harvested in the late-exponential phase and freeze-dried. Isoprenoid quinones were extracted and analysed by HPLC (SPD-10AV; Shimadzu), as described by Collins and Jones [26] . For polar lipid analysis, the cellular lipids were extracted, washed and hydrolysed with 0.5 M NaOH as described by Yabuuchi et al. [27, 28] . The total lipids were separated on silica gel plates by two-dimensional TLC with a solvent system composed of chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/methanol/acetic acid/water (80 : 15 : 12 : 4, by vol.) in the second direction. To detect spots and their colour reaction, 5 % ethanolic molybdatophosphoric acid, Dittmer's reagent, ninhydrin solution, Dragendorff reagent and a-naphthol reagent were used for total lipids, phospholipids, aminolipids, choline lipids and glycolipids, respectively.
Major fatty acids in strains KHM44
T , KHM29 and HHM4 were iso-C 15 : 0 (27.8-29.5 %), C 16 : 1 !7c and/or iso-C 15 : 0 2-OH (22.5-22.9 %), iso-C 17 : 1 !9c (10.3-13.2 %) and anteiso-C 15 : 0 (7.4-7.7 %). Moderate amounts of iso-C 16 : 0 (3.8-4.9 %), C 15 : 0 (2.2-3.6 %), C 16 : 0 (2.7-2.9 %) and C 15 : 1 !6c (1.7-2.8 %) were also present. These are common characteristic features of members of the genus Aliifodinibius [1, 8] . The presence of C 15 : 0 distinguished strains KHM44 T , KHM29 and HHM4 from closely related type species of the genus Aliifodinibius (Table S1 ). The major isoprenoid quinone of strains KHM44
T , KHM29 and HHM4 was menaquinone-7 (MK-7), as in all known members of the genus Aliifodinibius. Polar lipids of KHM44 T , KHM29 and HHM4 comprised diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, three unknown glycolipids and two unknown lipids (Fig. S4) ; the absence of the phosphatidylglycerol component is a common characteristic feature of members of the genus Aliifodinibius [1, 2, 6, 8] .
Strains KHM44
T , KHM29 and HHM4 occupied a distinct position within the genus Aliifodinibius on the basis of 16S rRNA gene sequence analysis and shared similar chemotaxonomic characteristics with members of the genus Aliifodinibius sensu stricto in terms of the DNA G+C content, polar lipids, predominant isoprenoid quinone and major fatty acids. However, strains KHM44
T , KHM29 and HHM4 could be distinguished from other closely related species by some chemotaxonomic and phenotypic features, such as the relatively wide range of temperature and NaCl for growth, the presence of C 15 : 0 , and acid production from D-xylose and D-mannitol (Tables 1 and S1 ).
Therefore, on the basis of the results of our polyphasic taxonomic study, we propose that the strains represent a novel species of the genus Aliifodinibius, for which the name Aliifodinibius salicampi sp. nov. is proposed, with strain KHM44
T as the respective type strain. b-galactosidase and N-acetyl-bglucosamininase, but not for lipase (C14), cystine arylamidase, acid phosphatase, a-galactosidase, b-glucuronidase, aglucosidase, b-glucosidase, a-mannosidase or a-fucosidase (API ZYM). The major fatty acids are iso-C 15 : 0 , C 16 : 1 !7c and/or iso-C 15 : 0 2-OH, iso-C 17 : 1 !9c and anteiso-C 15 : 0 . The predominant isoprenoid quinone is menaquinone-7 (MK-7). Polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, three unknown glycolipids and two unknown lipids.
DESCRIPTION OF ALIIFODINIBIUS SALICAMPI
The type strain, KHM44
T (=KACC 19060 T =NBRC 112531 T ), was isolated from a sediment of a grey saltern on Sinui island at Shinan in Korea. The DNA G+C content of the type strain is 48.5 mol%. KHM29 and HHM4, also isolated from a grey saltern, are additional strains of the species.
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